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Abstract. Nitrates are natural components of the surface water, the amounts in surface waters 
is very important, usually being insignificant, but in urban area and along agricultural areas situated 
inside the river basin, their concentration is increased, being non-point sources and point sources 
located in the city.  The nitrate concentrations is influenced both by the seasonal changes of rainfall 
and temperature as well as by land-use transformations, the variation being closely related to them.  
This paper presents the nitrate trends during seasons, the samples was taken in December, 
April and June from 76 points, the influence of the season characteristics being obvious. Obtained data 
indicates an upward trend, so that nitrate concentrations increase from December to June, higher 
values registered on tributaries of Bahlui river, caused by of the  land-use, smaller flow and seasons 
variation of other physic-chemical parameters, otherwise the synergistic action of the natural and 
anthropic sources and parameters. 
Arc GIS software was used for illustrate the results followed by a statistics software were used 
to establish some correlations based on multivariate analysis. The analysis shows that non-point and 
anthropic sources of nitrates, influence nitrate regime during the succession of the seasons, nitrate 
levels almost doubled in surface water, or even higher in Bahlui river and its tributaries.  
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INTRODUCTION 
 
One of the major concern of the European Union is related to water, so the  
maintenance a good quality of rivers waters is a challenge especially for EU less development 
regions, like Romanian North East region were Iasi city is located, being the second largest 
city of the country. The Iasi build-up area is crossed by the Bahlui river and its tributaries: on 
left part – Rediu, Cacaina and Ciric and on right part – Nicolina river. The analyzed sector has 
almost 40 km length, including 76 sampling points. The Bahlui river water quality and also its 
tributaries was object of study for many researchers, including the build-up area of the Iasi 
city (Giurma et all, 2007, Seliman et all, 2009, Neamtu et all, 2009) and nitrates flux using 
GIS technologies (Dumitru et all, 2006).  
The concentrations of nitrate that occurs in surface water are significant due to the 
source variability,  being required to be monitored by recent European law: nitrates Directive 
91/676/EEC and by Water Framework Directive (WFD) that demands new approach for 
managing and improving surface and groundwater quality across the European Union, 
including Romania. It is very important that ecological water quality standards to be respected 
by each member of the UE as well as to act to improvement the environment quality nearby 
the rivers.  
The nitrate is part of nitrogen cycle in the environment that occurring usually from 
natural sources, however the most important and relevant are different anthropic  sources like: 
non-point sources – from agriculture activity practiced outside Iasi build-up area; urban and 
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residential area crossed by the main river and its tributaries as well as  other nonpoint sources 
and point sources: sewage treatment system and sewage treatment bypass outfalls (during 
high flow periods). Moreover the nitrate concentrations depends on seasonal changes of the 
temperature, land-use transformations and other parameters variation, nitrate being part of the 
nutrients regime, important for surface water quality. According to the law, after determining 
the nitrate concentrations in surface waters and identifying the sources, it is necessary to 
establish the river vulnerability at nitrate pollution and to propose some measures for reduce 
it. So, is very important to have knowledge about land-use in the catchments area of Bahlui 
river basin and tributaries, especially in metropolitan area of Iasi city. Is obvious that the 
variation of nitrates concentrations is influenced mostly by the low flows, the quantity of the 
precipitations and by the land-use during sampling but could be other causes like:  hydraulic 
works on the rivers with low flow (Ciric and Rediu), spontaneous vegetations phenophase etc.  
 
 
Fig. 1. Studied area and sampling points localisation  
 
This paper describes a method for the evaluation of nitrates trends during seasonal 
variation. The indicator considers five specific water parameters, including: pH, conductivity, 
dissolved oxygen content, ammonium content, and nitrate content. It is suggested that the 
developed nitrate index of water quality  can be used in evaluating the nitrate tendency in 
aquatic ecosystems. 
 
MATERIALS AND METHODS 
 
Sampling points were established after field observations taking into consideration the 
sewage drains, the confluence with tributaries and the minor riverbed morphology. After 
sampling in different seasons (cold, warm and transitional), the samples were analyzed in the 
lab.  
Some physico-chemical parameters were determined (pH, electrical conductivity, 
dissolved oxygen), including nitrate and ammonium  concentrations. Determination of pH and 
conductivity were made by potentiometric methods using Multi 350i/SET WTW 
multiparameter instrument, for dissolved oxygen Winckler method being used. For nitrates 
and ammonium a spectrophotometric method were utilized (Rutkoviene et all, 2005), with 
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phenol-disulphonic acid for nitrates and Nessler reactive and Seignette salt for ammonium. 
The optical density of the solutions was measured by Shimadzu UV 1601 spectrophotometer 
at a wavelength of 410 nm for nitrates respectively 430 for ammonium.  
To achieve the objective of the study, after obtaining the values of parameters taken into 
account for a more objective comparison, data was needed to be sorted in water quality 
classes, established partial by the Order 16/2006. For dissolved oxygen, nitrates and 
ammonium content the standards provide five quality classes while for pH and conductivity is 
specified  just a range. We divided this range in five three classes, so that finally exists five 
quality classes for each parameter, from  I to V, the Ist corresponding to  the best quality  
while  the Vth to the worst.  Each parameters from every sampling points received a score 
from 1 to 5, 1 for  I class  to  5 for V class.  (Tabel 1-3)The minimum score indicate the best 
case (5), while  the maximum score  put into evidence the worst situation (25). The final 
number of points for each sampling point is the weighted average of the score of each 
analyzed parameters. This weighted average value displays the importance of each parameters 
to the general water quality. We proposed the following  coefficients for weighted  the 
obtained score (0.5 for NO3, 0.2 for NH4, 0.2 for dissolved oxygen, 0.1 for conductivity, 
respectively, pH), used in the following formula, for evaluation the nitrate trends: 
 
The weighted average value displays the nitrate index after the cumulated points, five 
classes being obtained between 0.22-1.1 (table 4). 
Tab. 1 - 4   
Example of appreciation marks for conductivity, pH, and nitrate index 
 
Score Quality class 
1 1 
2 2 
3 3 
4 4 
5 5 
 
 
 
Score Conductivity 
[S/cm2] 
1 < 500  
2 500- 1000 
3 1000 – 1500 
4 1500-2000 
5 >2000 
 
 
 
Score pH Reaction class 
1 6.5 – 7.5 Neutral 
2 6 – 6.5 
7.5 - 8 
Slightly 
acid/alkaline 
3 5.5 – 6 
8 – 8.5 
Moderate acid/ 
alkaline 
4 5- 5.5 
8.5 - 9 
Powerful 
acid/alkaline 
5 < 5 
>9 
Very powerful 
to extremely 
acid/alkaline 
 
 
Min 0.22 
Max 1.1 
Number of 
Classes 5 
Class limits 
1 0.22 0.40 
2 0.41 0.58 
3 0.59 0.76 
4 0.77 0.94 
5 0.95 1.1 
 
 
 
a= Nitrates levels  
b= Ammonium levels  
c=  Dissolved oxygen levels 
e= pH levels 
d= Conductivity levels 
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RESULTS AND DISCUSSION 
 
The results highlighted the differences between the main river – Bahlui with an 
increased flow than its tributaries. All tributaries record high values of nitrate concentrations, 
related to the land-use, typology and functionality of crossed areas. For example Cacaina river 
crosses a rural area upstream the city, with individual houses and gardens, residents being 
mostly occupied with livestock for own use and using fertilizers for higher agricultural 
productions, activities known as non point sources of nitrates. 
 
 
  
Fig. 2. Data classification on quality classes 
 
General physical and chemical indicators 
pH measures the alkalinity or acidity concentration in water. Auto emissions or coal-
fired power plants, causes a drop in the pH of water, through the acidification of rainfalls. 
Pollution from accidental spills, agricultural runoff and sewage overflows can also change the 
pH. Buffering capacity is water's ability to resist to the pH changes, and is critical to the 
survival of aquatic life and an important parameter in reaction of transforming NH4 to NO3. 
The pH data recorded (fig. 3) reveal that the values is in the permitted limits, 7.996 ± 0.636 
and highlight the trend: slightly alkaline values in December and April and  neutral to slightly 
acid  in June, for Bahlui river. The tributaries reveal a different trend: slightly acid to neutral 
values in December to slightly alkaline in April and June, excepting the Rediu river, with 
values under 7. 
Conductivity (fig. 4) is also an relevant parameter because the extreme values (<500 
µS ÷ > 2000 µS) have a  negatively impacts aquatic ecosystems. The seasonal variation show 
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a decreasing trend for all rivers, with significant differences between Bahlui river and its 
tributaries in cold season comparing with the warm season, 1617 µS to 701 µS for Bahlui 
river and 2076 µS for 1357 µS for the tributaries. The differences are caused by the higher 
flow of Bahlui river and the different characteristics of the rock substrate, water drained from 
agricultural fields, municipal wastewater.   
  
Fig 3. The pH variability Fig 4. The conductivity variability 
The oxygen dissolved (fig. 5) measures the amount of oxygen dissolved in the water 
(Gavrilescu et all, 2009) being essential for both, plants and animals, although high levels 
could be harmful to some aquatic organisms. The non-point pollution sources could decrease 
the amount of dissolved oxygen in water. In our study the values are included in the first 
quality class in winter, especially on Bahlui river 11.76 ± 0.16, thanks to the higher flow 
comparing with the tributaries, and between the second and fifth  classes in warm season, 
when the tributaries rivers values correspond to the lowest quality class 3.639 ± 1.437. The 
descending trend from the cold to warm period is caused by the enhancement of the microbial 
activity, which is oxygen consuming.  
 
  
Fig .5. The dissolved oxygen variability Fig. 6.  The NH4 variability 
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Fig. 7. The NO3 variability Fig. 8. Rivers classifications for each season and 
nitrates trend 
Nitrates trends.  
Nitrogen is a necessary nutrient, present in water in two forms: NH4 and NO3 (fig. 6, 
7). The excess amounts, of nitrogen in water cause an the uncontrolled increase in algae 
growth, that can harm aquatic life.  The seasonal regime of nitrate levels for the Bahlui river 
tributaries highlights an increase during the winter period (due to the lower rate of 
decomposition of organic substances) and a decrease on the warm period (caused by increased 
biogenic processes), excepting the Ciric river that  has a number of lakes upstream which 
supplied with fresh water 
 
Fig .9. Nitrates seasonal trend for Bahlui river and its tributaries 
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The model shows that are different nitrates trend (fig.9) during the seasons for each 
analyzed river. The higher values are registered on tributaries river revealing the same trend: 
higher values in December due to both the lower rate organic substances of decomposition 
(Benchea et all, 2011), as well as high level of dissolved oxygen and in June probably due to 
the long rainy period before sampling when the crop land situated upstream the monitoring 
sections was covered with plants that assure a low erosion protection, that facilitate the high 
leakage and the mobilization of important quantities of nutrients, especially nitrates. The 
higher values have been recorded on Cacaina river due to agricultural activities spread 
throughout on the entire river basin. Special attention should be given to the Ciric river, where 
the highest values  were recorded is a regulated water course, a number of lakes are upstream, 
feeding with water from lake (Dughila et all, 2010), more the sampling was conducted after a 
rainy period with a high level of leakage. 
Bahlui river has the larger river basin from the analyzed rivers (Crciun et all, 2004), 
therefore it has different evolution: with smaller values in December, because of the higher 
flow that permit the dilution of the higher concentrations received through the tributaries, and 
higher values in April and June, because of the snow melting and also by the start of the 
agricultural activities practiced in the river basin, including the fertilizers use. 
 
CONCLUSIONS 
 
The analyze of the nitrates trends during the seasonal variation  highlight the 
following: 
- Upstream the monitoring section of Bahlui river and its tributaries are extended 
agricultural activities  - land crop, so the nitrate trend is directly related  to the moment it start.  
- Bahlui river nitrate trend show that it is strongly related with the land use, as a result 
of the large area of the river basin and the high flow, especially on spring (snow melting) and 
summer (frequent torrential rain). 
- For the tributaries of the Bahlui  associated with low flow and the same start of the 
land crop (maize), that describe an upward trend related to the highest values registered, 
especially on Cacaina river, the values are strongly related with the temperature, due to the 
lower rate of decomposition of organic substances in winter and with the flooding in summer. 
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